Charge-transfer Complexes, Nickel Dithiolenes. Methyl Viologen, X-Ray Anionic nickel dithiolenes form crystalline charge-transfer complexes with methyl viologen in its oxidized and reduced forms. X-ray analysis reveals that the planar acceptor methyl viologen interacts with the planar dithiolene donor via an expected parallel and a novel perpendicular arrangement.
Introduction
Photoinduced electron transfer is a key step in the conversion of light into chemical energy. In many systems presently investigated, an excited sensitizer in the presence of a reducing agent transfers an electron to methyl viologen (MV 2+ , l,l'-dimethyl-4,4'-bipyridinium) [la] . The reduced MV + is able to reduce carbon dioxide to formic acid [lb] or water to hydrogen in the presence of a catalyst [la] . In two systems, photoreduction of MV 2+ was observed in the absence of a sensitizer by irradiating into the charge transfer (CT) bands formed in solutions of MV 2+ and reducing agents like p-phenylenediamine, thiourea [2 a] and dithiophosphate [2 b] . We recently have found that the same type of photoinduced electron transfer occurs in the CT-complex obtained from a dianionic zinc dithiolene as donor and MV 2+ as acceptor [3] . This crystalline compound has been the first example of a CT-complex isolated from MV 2+ and a metal dithiolene. In the following we report on the syntheses and solid state structures of CT-complexes between MV 2+ or MV + and nickel dithiolenes (Fig. 1) . The only other structurally characterized CT-complexes of MV 2+ have halogenometallates and tetracyanonickelate(II) as counter ions [4] . While some CT-complexes of dithiolenes with organic acceptors [5 a] and donors [5b, c] 
Results
Compounds 1, 2 or 3 are prepared in yields of 80-90% by adding the dissolved sodium salts of the corresponding nickel dithiolenes [6 a, b] [7] at A max = 660 nm (DMSO) which disappears upon bubbling the solution of 3 with air.
The structure of 1 consists of columns of alternating planar donors and acceptors if viewed along the <2-axis. These are arranged approximately parallel (dihedral angle of 5.4°) in such a way that one half of MV 2+ (N(54')-part) is in close contact with one half (Ni-S(l)-C(l)-C(2)-S(2)) of the nickel dithiolene while the second half is closer to the next dithiolene neighbour. The shortest distance (d) be-tween these planes is 3.4 Ä and thus indicates a nonlocalised CT-interaction as observed in the classical organic CT-complexes like hexamethylbenzenechloranil (d = 3.5 Ä) [8] . In the reflectance spectrum of 1 a broad band appears at 530-660 nm. It is absent in the separated donor and acceptor molecules and is therefore assigned to a CT-transition.
The characteristic bond lengths within the nickel dithiolene, Ni-S = 2.18, C-S = 1.73 and C-C = 1.37 Ä, compare well with the analogous complexes having [Rpy + ] 2 and [TMPD + ] 2 as cations. In the two latter cases the dihedral angles between the donor and acceptor planes are 10.8 [4g] and 59° [5d], respectively.
The structure of 2 contains, similar to 1, an alternating chain of planar ions along the a-axis. Now, the dihedral angle between these planes is 21.9° and the shortest distance, S(l)-N(54'), is 3.48 Ä. Surprisingly, the second dithiolene is located almost perpendicular (82.9°) to the MV 2+ -plane, which has an eclipsed orientation relative to the linear S(3')-Ni(2)-S (3) group. This leads to short contacts of 3.55 and 3.61 Ä between the aromatic carbons C(55), C(56) and the sulfur atom S(3), respectively. The calculated distances for S(3)-H(C55) and S(3)-H(C56) are 2.76 and 3.00 Ä, respectively. From this arrangement a localised coulombic interaction between MV 2+ and the second nickel dithiolene is inferred to occur via S(3). The known nucleophilic character 
Experimental Part
Nickel dithiolenes were prepared acc. to ref. [6a,b] . MVC1 2 -3H 2 0 was a commercial product (Wako-Chemicals). All manipulations with 2 and 3 were performed under an argon atmosphere. Table II . Selected bond distances (Ä) and angles (°) within 1 and 2.
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(1,1'-Dimethyl-4,4'-bipyridinium )-bis (cis-1,2-dicyano-l,2-ethylenedithiolate)niccolate (2~) (1)
To a filtered solution of 380 mg (2 mmol) of disodium eis-l,2-dicyano-l,2-ethylenedithiolate are added 260 mg (1 mmol) of Ni(0Ac) 2 -4H 2 0 dissolved in 8 ml of H 2 0/DMS0 = 1/1. After 5 min a solution of 1 g (3.2 mmol) of MVC1 2 -3H 2 0 is added. The brown precipitate formed immediately is filtered off after standing over night and washed with MeOH and THF, respectively; 292 mg (55%). Recrystallisation from DMSO/MeOH yields brown crystals of 1, Fp(dec.) >320 °C. ( 1, 
niccolate] (2~ )(2)
To a suspension of 0,25 g (0,46 mmol) of bis(cwl,2-diphenyl-l,2-ethylenedithiolate)nickel in 18 ml of THF/DMSO = 2/1 are added 0,038 g (1 mmol) of NaBH 4 in 10 ml of THF/MeOH = 1/1. After 20 min the deep red solution is filtered under Ar into 0.5 g (1.6 mmol) of MVC1 2 -3H 2 0 dissolved in 15 ml of H 2 0/Me0H = 1/4. After standing over night at 4 °C, the crystals are filtered off and washed with MeOH; 0.26 g (89%). Recrystallisation from DMSO/MeOH yields black crystals of 2, Fp(dec.)>320 °C. ( 1, 
To a suspension of 0.3 g (0.5 mmol) of bis(c/s-l,2-diphenyl-l,2-ethylenedithiolate)nickel in 30 ml of DMSO/MeOH = 1/2 are added 0.1 g (2.6 mmol) of NaBH 4 . After 10 min of vigorous stirring, 2 ml of acetone are added. This deep red solution is filtred under Ar into MVC1 (prepared from 0.47 g 
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